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County-Specific Net Migration by Five-Year Age Groups, 
Hispanic Origin, Race and Sex 2000-2010 
 
Richelle L. Winkler, Kenneth M. Johnson, Cheng Cheng, 




This report documents the methodology used to prepare county-level, net migration 
estimates by five-year age cohorts and sex, and by race and Hispanic origin, for the 
intercensal period from 2000 to 2010. The estimates were prepared using a vital statistics version 
of the forward cohort residual method (Siegel and Hamilton 1952) following the techniques used 
to prepare the 1990 to 2000 net migration estimates (Voss, McNiven, Johnson, Hammer, and 
Fuguitt 2004) as described in detail below. These numbers (and the net migration rates derivable 
from them) extend the set of decennial estimates of net migration that have been produced 
following each decennial census beginning with 1960 (net migration for the 1950s: Bowles and 
Tarver, 1965; 1960s: Bowles, Beale and Lee, 1975; 1970s: White, Mueser and Tierney, 1987; 
1980s: Fuguitt, Beale, and Voss 2010; and 1990s: Voss, McNiven, Hammer, Johnson and 
Fuguitt, 2004). 
 
The residual method is a straight-forward manipulation of the demographic balancing 
equation. The basic methodology begins with the fundamental demographic balancing equation: 
 
P1 = P0 + (B − D) + (IM −OM)  [1] 
 
which, upon reorganization of terms, yields: 
 
IM −OM = (P1 − P0 ) − (B − D)  [2] 
 
The equation states that the difference between in-migration (IM) and out-migration 
(OM) is equal to the population change over the decade (P1 – P0) less the “natural increase” over 
the decade (B – D). Since IM and OM generally are not measured quantities, we cannot know the 
difference precisely. We can, however, estimate this difference (by using the terms on the right 
side of the equation), which, following common convention, we call “net migration” (NM). 
We assume these right-hand terms either are known or are capable of being well estimated. 
Thus, net migration is estimated as the residual of the difference between population change and 
natural increase over an intercensal period. 
 
Equation [2] can be used to estimate net migration for any geographic area for which the 
right-hand terms are available from reliable sources. (For a comprehensive discussion of the 
basic method, and the effects of measurement errors in P0 and P1, see Hamilton, 1966.) Further, 
depending on the availability and quality of data, net migration based on equation [2] can also be 
calculated for various age, sex, race and Hispanic origin groups, though the equations become 






The net migration estimates described here were developed using population counts at 
Census 2000 and 2010 and birth and death counts from the National Center for Health Statistics 
as basic input data. They do not rely on sampling and are highly accurate and reliable. The net 
migration residuals are as solid a set of estimates of net migration as possible to generate in the 
United States without collecting administrative data on moves.  
 
At the same time, it should be clear that the data described here are estimates of net 
migration.  As such, they cannot address inflows and outflows.  Net estimates are limited in that 
they may confound changing migration propensities with changing population stocks, and they 
cannot depict the important effects of population turnover (they miss the gross flows that often 
overwhelm any net change), nor can they provide information regarding origins and destinations. 
Limitations aside, reliable net migration estimates are valid indicators that do capture the 
ultimate outcomes of how migration changes population composition by age, sex, race, and 
ethnicity for counties. The dataset described here complements migration flow data available 
from the Internal Revenue Service (IRS) by providing highly reliable data by detailed 
demographic characteristics at the county level.  
Following a section describing the various uses of county-level net migration estimates, 
we present a detailed summary of the methodology used to generate the 2000 to 2010 estimates 
by age, sex, race and Hispanic origin. Finally, some general caveats regarding the use of these 
estimates are provided.  In the six appendices we include (1) a description of our variable naming 
conventions; (2) tables describing the specific adjustments made to Census 2000 and 2010 
enumerated populations; (3) a detailed description of how we handled Broomfield County, 
Colorado; (4) a table detailing the changes made to Federal Information Processing (FIPS) codes 
for the purposes of maintaining consistent county boundaries; (5) detailed adjustments to 
estimates of births in 2009; and (6) a codebook for the electronic dataset. 
 
Uses for County-Level Net Migration Data 
  
County-level net migration data by demographic characteristics are essential for addressing 
multiple social and economic research and planning needs. Health care needs, social service 
demands, the size and character of the proximate labor market, demand on the local 
infrastructure, housing markets, and environmental impacts are all affected by changes in 
population composition induced by differential age-specific migration. Furthermore, researchers 
must be able to connect specific migration outcomes with local socioeconomic conditions to 
investigate the community level causes and consequences of migration.  
Important research examining the extent to which natural increase or migration of particular 
populations is fueling population growth (or decline) in different types of places and among 
different age groups is impossible without place- and age-specific migration data. This includes 
foundational work such as Keyfitz’s (1980) analysis of the impact of natural increase and 
migration on urbanization patterns and Plane et al.’s (2005) investigation of migration patterns 
up and down the urban hierarchy at different ages. It also concerns emerging work on the degree 
to which natural increase and migration are fueling Hispanic population growth in new 
destinations (Johnson and Lichter 2008). Similarly, continuing work examining the impact of 





years (Cromartie and Nelson 2009) and research investigating the consequences of migration on 
black-white differences in southern county poverty rates (Curtis and DeWaard 2010) cannot be 
maintained without high quality small area migration data by age, sex, and race/ethnicity for 
2000 to 2010.  
Previous county level net migration estimates by age (1950-2000) have been used 
extensively by demographers to examine patterns of net migration (Johnson, et. al 2005; Gibson, 
Fuguitt and Voss 1996; Johnson and Fuguitt 2000), elderly population change (Fuguitt, Gibson, 
Beale, and Tordella 1998; Bowles and Beale 1993; Lichter, Fuguitt, Heaton, and Clifford 1981), 
life cycle migration (Heaton, Clifford, and Fuguitt 1981; Muesser, White and Tierney 1988), the 
age composition of the population (Clifford, Heaton, Lichter, and Fuguitt 1983; Fuguitt and 
Heaton 1995, Winkler et al. 2011), and the role of migration in the growth of amenity and 
retirement areas (Johnson and Stewart 2005).  
Applied demographers rely extensively on reliable county-level net migration estimates by 
detailed demographic characteristics in generating population estimates and projections and for 
informing health care planners and other service providers who must prepare for future needs. 
For instance, local health care providers must know if migration is bringing females at prime 
childbearing age into the community to increase pre- and post-natal physician staffing. Similarly, 
state-level health policy-makers must understand how the geographic distribution of the elderly 
population is changing to ensure services that meet their needs are available in the appropriate 
locations. Furthermore, these net migration estimates are critical to applied demographers and 
planners for producing population estimates and projections that incorporate local migration data 
directly in their estimates or projections. County and city governments use them for projections 
relative to the construction of water and sewer, municipal power, and general economic 
development projects. They are used by multicounty entities for planning in the areas of 
transportation, water development, electric power need assessments, and economic development. 
Many school districts use them in siting school campuses and in projecting school enrollment.  
Note: Practitioners using these net migration estimates to inform cohort component population 
projection should refer to the section beginning on page 12 for important stipulations. 
Detailed Methods and Data Sources 
Voss et al. (2004) offer a detailed comparison between three methodological approaches 
to generating residual based net migration estimates, including census survival rate, life table 
survival rate, and vital statistics methods.  They explain that the survival rate methods have been 
used historically in cases where reliable birth and death data by detailed demographic 
characteristics have not been available for local areas (including those produced by Bowles and 
Tarver, 1965; Bowles, Beale and Lee, 1975; White, Mueser and Tierney, 1987; and Fuguitt, 
Beale, and Voss 2010), and they demonstrate that when high quality vital statistics data are 
available, this approach yields reliable estimates (Voss et al. 2004).  The net migration estimates 
we produced for 2000-2010 follow the vital statistics method as employed by Voss et al. (2004), 
because detailed mortality and fertility records were made available through a restricted use 
agreement from the National Center for Health Statistics (NCHS) through the Vital Statistics 
Cooperative Program.  These data files permit the aggregation of deaths and births for each 
county in the U.S. by single year of age, sex, race, and Hispanic origin. With this fine level of 
mortality and fertility detail available, there was no need to estimate mortality rates using census 





Equation 3 further specifies Equation 2 (shown above) to specifically address Net 
Migration (NM) using the vital statistics method used to construct the 2000-2010 net migration 
estimates reported here.  P0  refers to the starting population observed at Census 2000 by county, 
age, sex, race, and Hispanic origin and adjusted for identified census errors and for estimated 
undercount/overcount. P1 refers to the final population observed at Census 2010, adjusted for 
estimated undercount/overcount.  B and D, respectively, refer to observed (2000-2008) and 
estimated (2009-2010) birth and death data recording individual births and deaths by single year 
of age, sex, race, Hispanic origin, and county of residence as collected through state level birth 
and death certificates and reported by the National Center for Health Statistics (NCHS).  Each of 
these data sources and the organizational processes involved are described in more detail below.  
NM = (P1 − P0 ) − (B − D)  [3] 
Where: 
P1= final population (adjusted) observed at Census 2010 
P0= starting population (adjusted) observed at Census 2000 
B= number of births 2000-2010, aggregated by county of residence 
D= number of deaths 2000-2010, aggregated by county of residence 
 
Assuming zero net migration, Equation 3 can be re-arranged to calculate the expected 
population in 2010, which represents what the 2010 population (P1 ) would have been absent net 
migration (see Equation 4). County-specific expected populations in 2010 (EP) are derived for 
cohorts by aging the 2000 population forward in time, adding births and subtracting deaths.  In 
other words, the expected population of cohorts ages 10 to 99 and ages 100 and over in 2010 is 
calculated as the base 2000 population minus deaths occurring to persons of that cohort advanced 
ten years in age. For cohorts born during the 2000s (ages 9 and under in 2010), expected 
population is the difference between births and deaths experienced by that cohort in the 2000s, 
advanced in age from the date of birth. These cohort specific expected populations represent the 
number of people expected to be alive and enumerated in the 2010 census absent net migration. 
 
EP1 = P0  + B − D   [4] 
Net migration can then be estimated as the difference between the observed final population (P1) 
and the expected population (EP1), by substituting Equation 4 into Equation 3. The net migration 
rate (per 100 individuals) is calculated by dividing the estimated number of net migrants by the 
expected population, as shown in Equation 6. 
 
NM = P1  -  EP 1  [5] 
NMR = (NM/EP1)*100 [6] 
 
Unless otherwise noted, cohorts are county-level and specific to age (single years of age 
through 84 and then a group age 85 and over), sex, race, and Hispanic origin. For our purposes, a 
year spans the 12 month interval from April 1 to March 31 – dates chosen because the Census 
Bureau nominally enumerates the population on April 1. Thus, persons born in 2000 refer to 
those born between April 1, 2000 and March 31, 2001. In reporting the net migration results, we 





Though the process of constructing net migration rates, we organized total population 
into the following five race/ethnic groups:  (1) Hispanic, (2) Non-Hispanic White (NH white), 
(3) Non-Hispanic Black (NH black), (4) Non-Hispanic American Indian or Alaskan Native (NH 
AIAN), and (5) Non-Hispanic Asian or Native Hawaiian/Pacific Islander (NH Asian).  In 
reporting the net migration results, we aggregated the NH AIAN and NH Asian groups into NH 
Other, because the populations in these groups were small in a large number of counties, creating 
inconsistent and difficult to interpret net migration rates. 
 
Census 2000: The Starting Population 
Net migration estimates are sensitive to misallocations, specificity of race/ethnic 
classification, and to undercount and overcount in the populations on which the estimates are 
based. Great care was taken to adjust the 2000 and 2010 enumerated Census populations toward 
our best guess of the “true” populations, based on the Census Bureau’s error corrections and 
estimates of net undercount/overcount.  These re-organized and adjusted population counts are 
used to calculate net migration numbers and rates. The specific adjustments we made are 
discussed in detail below.  
 
In constructing net migration estimates for the 1990s, Voss et al. (2004) made specific 
adjustments for undercount/overcount to Census 1990 and Census 2000 data.  They did not, 
however, have the full set of Census 2000 evaluation studies or the results of the Count Question 
Resolution program available at the time of publication. For this reason, our team did not use for 
a starting population the same dataset that Voss et al. (2004) used for a final population.  Instead, 
we relied on the US Census Bureau’s Census Estimates Base to account for known errors, and 
we adjusted for undercount/overcount following the reports of ACE Revision II and 
Demographic Analysis, as described below. 
 
Census 2000 included several misallocations that affected county population 
enumerations.  These were subsequently recognized through the Census Bureau’s Count 
Question Resolution program (US Census Bureau 2005). The standard census data products do 
not reflect these corrections, but they have been incorporated into the Census Bureau’s 
intercensal population estimates program.  For this reason, we use the resident population 
estimates base from census day (4/1/2000) as published through the US Census Bureau’s 
Population Estimates program rather than the enumerated 2000 population reported in standard 
census data products.  More specifically our starting population is from the Annual County 
Resident Population Estimates by Age, Sex, Race, and Hispanic Origin (US Census Bureau 
2009a). While these data correct for misallocations, they require further organization and 
adjustment into consistent race/ethnic groups, single year of age, and to deal with 
undercount/overcount.   
 
Race and Ethnicity Classification 
 
The intercensal estimates assign persons reporting “Some Other Race” as their race on 
the census questionnaire to an OMB race, including White, Black or African American, 
American Indian or Alaskan Native, Asian, or Native Hawaiian or Pacific Islander (see US 





grouped the Asian and Native Hawaiian or Pacific Islanders into a single category because of the 
small number of Native Hawaiian or Pacific Islander persons in most counties. The data include 
these racial groupings but divide them into two categories- those who identify as each race 
“alone” and a group for that race “alone or in combination.”  In addition, the dataset includes a 
category of people identifying with “two or more races.”  For our purposes, anyone with 
Hispanic ethnicity was considered Hispanic despite the racial classification so that Hispanic 
ethnicity trumped all race categories.  Non-Hispanic populations recorded as White, Black or 
African American, American Indian or Alaska Native (AIAN), Asian or Native Hawaiian or 
Pacific Islander (Asian) “alone” were classified in these respective groups.  
 
To be consistent with the net migration estimates produced in prior decades (especially 
those for the 1990s) and because of the small number of people identifying as two or more races 
in most counties, we allocated persons recording two or more races among the other race groups 
based on the following steps and assumptions.  For each race group (NH White, NH Black, NH 
AIAN, and NH Asian), we estimated the number of people who identified as that race in 
combination (combo counts) with some other race by subtracting the “alone” population from 
the population “alone or in combination”.  Next we estimated the total number of combinations 
by summing the combo counts across all racial groups (combo sum).  We then calculated the 
percent of the combo sum that each race group comprised and multiplied this proportion by the 
population of two or more races to estimate the combination population to add to each race 
“alone” group.  Our base population then, by non-Hispanic race, includes the alone population 
and an estimate of the combination population that identifies at least partially as that racial 
group.  Essentially, this means that our race/ethnic classifications divide the combination race 
population by distributing portions of persons to each specific racial group with which they 
identify.  Though the initial dataset and processes differ, the concept of dividing the combination 
race population follows that used by Voss et al. (2004) in generating the net migration estimates 
for the 1990s. 
 
Adjusting for Undercount/Overcount 
 
All US censuses prior to 2000 faced population undercount, particularly among specific 
subgroups including minorities, children, and renters (Clark and Moul 2004).  The Census 
Bureau conducts follow-up coverage studies to estimate undercount .  Following Census 2000, 
these included the initial Accuracy and Coverage Evaluation (ACE 2001), the Accuracy and 
Coverage Evaluation Revision II (ACE Revision II, 2003), and comparisons with estimates 
generated using administrative records through Demographic Analysis (DA, Robinson 2001). 
For the first time, Census 2000 returned a net overcount of the total population, according to 
ACE and ACE Revision II and only a 0.12% net undercount as compared to DA (Clark and 
Moul 2004).  Yet while the overall net undercount at Census 2000 was negligible, Census 2000 
coverage varied significantly by age and race with undercount among children, overcount 
amount college age and retirement age adults, and an estimated 2-3% undercount of Blacks 
(Clark and Moul 2004, Citro et al. 2004).   
 
Because census undercount varies significantly by age, sex, race, and ethnicity, we made 
adjustments to the Census 2000 data by these specific cohort groups. For the population age 10 





Revision II and summarized in the National Research Council’s review of Census 2000 (see 
Citro et al. 2004, p. 255).  It should be noted that for some age groups, the estimate of net 
undercount was negative (indicating a net overcount).  There were no specific estimates of 
undercount by ethnicity, age, and sex, but findings suggest that Hispanics were counted at more 
similar rates as blacks than non-Hispanic whites, who comprise the dominant group in the 
nonblack category (Citro et al. 2004).  For this reason, we assumed that Hispanic 
undercount/overcount followed black estimates, rather than nonblack, and we assume that all 
race/ethnic groups other than black and Hispanic follow nonblack rates.  Estimates of 
undercount/overcount by age, sex, race/ethnicity were not available for any geographic 
specificity other than the nation as a whole.  We applied these national estimates (by age, sex and 
race/ethnicity) to each of the county cohort populations. 
 
For the population under age 10, Demographic Analysis (DA, ) provides a more reliable 
estimate of census undercount (Voss et al. 2004, Robinson 2001, O’Hare et al. 2012), as DA are 
constructed based on administrative records, including birth and death certificates.  We rely on 
the Revised Demographic Analysis estimates released in September 2001 by race, sex, and age 
(see Robinson 2001) to adjust the population under age 10.  These are reported by the National 
Research Council review of Census 2000 in the Demographic Analysis Appendix, Table 2 (Citro 
et al. 2004).  Again, we assume that the Hispanic population undercount follows the black 
population undercount (rather than nonblack) because like the ACE Revision II, DA only 
includes estimates by black/nonblack, and that NH white, NH AIAN, and NH Asian groups 
follow nonblack rates. Specific adjustments are summarized in Appendix 2.   
 
The final step was to disaggregate the data into single years of age, until age 85 after 
which the population is grouped into an 85 plus age group.  Using the age distribution reported 
from the standard enumerations in US Census 2000 (SF1) on population counts by single year of 
age, sex, race, and ethnicity; we calculated the proportion of each five-year age group that were 
at each single year of age.  We then multiplied this proportion by our adjusted five-year age 
group estimates base data (essentially the Census 2000 data corrected for misallocations and 
adjusted for undercount/overcount).   For all age groups except 0-4, we assume that the 
adjustment for overcount/undercount is evenly distributed across single years of age.  But 
research suggests that undercount is greatest among very young children (O’Hare et al. 2012, 
Siegel 1974, Anderson and Silver 1985).  Following the process used by Voss et al. (2004) to 
adjust the 2000 population, we distributed the estimated undercount among the five year age 
group 0-4 as follows.  Those under age 1 were allocated 27.1% of the undercount, 24.3% went to 
those age 1-2, 23.6% to those age 2-3, 15.5% to those age 3-4, and 9.5% to those age 4-5.     
 
The result of this process was a dataset including population counts by single year of age, 
sex, race, and Hispanic origin corrected for misallocations and adjusted for 
undercount/overcount for all US counties.  This is the starting population we used to calculate 
net migration.  
 
Census 2010: The Final Population 
 
Like with the starting population, we relied on the US Census population estimates base 





[ST-FIPS]: Annual County Resident Population Estimates by Age, Sex, Race, and Hispanic 
Origin: April 1, 2010 to July 1, 2011, released in May 2012 (US Census Bureau Population 
Division 2012).  At the time of its release the Census 2010 Count Question Resolution program 
had not identified any misallocations that would affect county level population, and so this file 
does not correct for any potential enumeration misallocations.  The file does, however, group the 
enumerated population at Census 2010 into the same race, ethnic, age, and sex categories 
described above for the starting population.  Identical processes to those described above for 
Census 2000 were used to organize the 2010 population into race/ethnic categories for analysis.  
Maintaining consistency in the starting and final populations is vital for generating reliable net 
migration estimates.  
Adjusting for Undercount/Overcount 
 
Comparing the enumeration results from Census 2010 with Demographic Analysis (US 
Census Bureau 2012) and the US Census Bureau’s Census Coverage Measurement survey 
(CCM), indicates no statistically significant net undercount or overcount. There are, however, 
indications that certain age, sex, race, and ethnic groups were under- or over- counted. CCM, for 
instance, shows a 2% net undercount for blacks, 1.5% net undercount for Hispanics, 4.9% net 
undercount of AIANs, and a 0.8% net overcount among non-Hispanic whites (Mule 2012).  
Demographic Analysis (DA) also shows about a 2% net undercount for blacks, but when 
disaggregated by sex suggests that black males were undercounted by about 3.5% while black 
females were overcounted by about 1.5%.  Among nonblacks, DA results again mimic CCM 
noting a 0.8% net overcount, but with divergent patterns between males and females with 
nonblack females being overcounted by about 1% and males undercounted by about 0.4%.   
By age, CCM indicates statistically significant undercount among young children of both 
sexes (age <5), males age 18-29, and males age 30-49.  Net overcount is indicated among 
children age 10-17, females age 30-39, males over age 50, and females over age 50 (Mule 2012).   
CCM did not find any state with statistically different than zero net undercount/overcount, but at 
the state level breakdowns by age, race, and sex are not available.  In sum, results from CCM and 
DA suggest that net undercount among some age, sex, race, ethnic categories cancelled out net 
overcount among other groups to produce a total net undercount/overcount of zero.  At the same 
time, however, age/sex/race/ethnic –specific undercounts/overcounts were even greater among 
some groups than at Census 2000, indicating adjustments for the purposes of this project are 
necessary. 
DA provides specific estimates of the population by single year of age, sex, by 
black/nonblack race and for Hispanic ethnicity among children.  As described above, DA and 
CCM results are similar.  The reliability of DA data have been significantly improved over the 
last several years with computing advancements, electronic records, and evaluative analysis; and 
they are particularly sound for estimating the child population (Robinson 2001, O’Hare et al. 
2012).  For these reasons, we primarily rely on estimates of undercount/overcount generated by 
calculating the rate of difference between DA and the census enumerated population to adjust the 
Census 2010 final population, when CCM suggests there are statistically significant 
undercounts/overcounts.  DA estimates are not specifically available for NH whites, AIANs or 
for Asians, and are only available for Hispanics at ages 0-19.  Because CCM indicates more 





males, and ½ the undercount rate for black males to AIAN females.  Because CCM does not 
show any significant net undercount/overcount of Asians, we do not adjust this population.  
CCM indicates about half a percentage point less undercount for Hispanics than blacks.  For the 
Hispanic population under age 20 (where DA estimates are available), we rely on DA estimates 
to adjust the population.  For Hispanics age 20 and over, we assume the undercount rate of 
Hispanic males to be 25% less than that of black males and the undercount rate of Hispanic 
females to be 200% less than black males.  Finally, we assume that non-Hispanic white 
undercount/overcount rates are slightly higher than for the nonblack group as a whole, which 
would include Hispanics and AIANs. Altogether, adjusting the populations in these ways 
cumulatively produces net undercount/overcount rates similar to the CCM estimates.  
Appendix 2 shows the specific adjustments made.  These adjustments were multiplied by 
the census estimates base population (4/1/2010) to generate the final population at Census 2010 
by five-year age groups used in the construction of net migration estimates.  
County Boundaries 
Since the boundaries of some counties changed between 2000 and 2010, we aggregated 
certain counties to county groups to ensure continuity in boundaries across censuses.  In 
Virginia, this involved integrating Clifton Forge independent city into Alleghany County.  In 
Colorado, the creation of Broomfield County in 2001 from parts of Adams, Boulder, Jefferson, 
and Weld Counties challenged our team to separate Broomfield County data at Census 2000 and 
in the birth and death data from NCHS from the prior constituting counties so that net migration 
estimates for Broomfield County could be generated, even though this county did not exist at 
Census 2000.  A detailed description of how we handled Broomfield County is found in 
Appendix 3. Finally, three county aggregation groups were constructed in Alaska to deal with 
county boundary changes. We aggregated (1) Denali Borough, Yukon-Koyukuk Census Area, 
and Southeast Fairbanks Census Area; (2) census geographies around Ketchikan, Petersburg, 
Wrangell City, Hyder, and Prince of Wales; and (3) Skagway Municipality with Hoonah-Angoon 
Census Area.  The specific county groupings and associated FIPS codes changes are detailed in 
Appendix 4.   
Births 
As mentioned above, annual birth microdata files for the years 1999 through 2008 were 
made available to us under a restricted use agreement with the NCHS. These included individual 
level birth records with data on county and month of birth, sex, race of mother and father, and 
Hispanic origin of mother and father for each year 2000-2008.  The county codes used in 
Natality Detail Files 2000-2003 are based on the 1990 Census definition, while county codes for 
2004-2008 are based on the 2000 Census definition. We deal with this issue by aggregating to 
county groups where necessary, as described above and in Appendix 3 regarding Broomfield, 
Adams, Boulder, Jefferson, and Weld counties in Colorado.  We followed the process described 
below to assign race/ethnic status (Hispanic, NH white, NH black, NH AIAN, or NH Asian) to 
these births.  Finally, we aggregated the births by sex and race/ethnicity to counties and grouped 
them into single year age cohorts based on their date of birth. 
We imputed race/ethnicity of births primarily based on the reported race/ethnicity of the 
mother.  As with Census 2000 and Census 2010 data, we classified anyone reporting Hispanic 





where data on mother’s race or ethnicity was missing.  In these cases, we imputed based on the 
father’s reported race/ethnicity.  In cases where neither the mother or father’s ethnicity is known 
and the reported race is Black, AIAN, or Asian, we assume that the birth is non-Hispanic and 
falls within the respective race group.  If the Hispanic origin is unknown and the race is White, 
we assume that a proportion of those births are Hispanic.  This proportion is determined for each 
county individually, based on the proportion of women living in the county in their childbearing 
years (age 15-44) who are Hispanic, as identified in the US Census Population Estimates for July 
1, 2005.  More specifically, we follow the formulae below for each county.  
Bh = BH + (HF(15-44)/F(15-44)) * Bu 
Bw = BW + (1-(HF(15-44)/F(15-44))) * Bu 
Where 
 Bh= Final estimate of Hispanic births 
 Bw= Final estimate of Non-Hispanic White births 
 BH= Reported Hispanic births 
 HF(15-44)= Hispanic females, age 15-44 
 F(15-44)= Total females, age 15-44 
 Bu= Births of unknown ethnicity and white race 
 
Hispanic fertility rates are higher than non-Hispanic whites and so the proportion of 
Hispanic births may be higher than the proportion of Hispanic women.  At the same time, 
however, a disproportionate share of the missing ethnicity births may be non-Hispanic, because 
Hispanics may be more likely to have and record a salient ethnicity.  While the higher Hispanic 
birth rate would suggest our methods above would underestimate Hispanic births, a 
disproportionate share of non-Hispanic missing ethnicity births would overestimate Hispanic 
births.  We expect that error associated with each of these two dimensions would essentially 
cancel one another out and so we do not specify either in the formulae above. 
 Because detailed natality files for 2009 and 2010 were not yet available at the time these 
net migration estimates were produced, we estimated the number of county level births by 
race/ethnicity for 2009 and for the first quarter of 2010.  National level records of births by race 
and Hispanic origin were available for 2009 and 2010 and show that the total number of births in 
the US declined by 2.75% between 2008 and 2009 and by an additional 3.2% between 2009 and 
2010 (Martin et al. 2012).  National birth data by race/ethnicity show that all groups experienced 
decline in the number of births, but that Hispanic births declined about twice as much as non-
Hispanics (Sutton et al. 2011).  The process to estimate county-level births by race/ethnicity 
(described below) was based upon conforming to these national patterns, and we raked county 
estimates to approximately sum to these total national birth reports.  
 Because our cohorts were organized based on the census year (April 1 to March 31), we 
needed to estimate the number of births that occurred in the first quarter of 2009 to complete our 
total estimate of births for the 2008 census year. In 2008, the ratio of births that occurred January 
to March to those that occurred April to December was 0.3265.  Because we know that births 





compared January to March 2009 with April to December 2008.  We then use this ratio to add an 
estimate of the number of births in the first quarter of 2009 to our cohort year 2008 birth totals.  
We do this by multiplying observed births in April to December 2008 in each county by 1.3194. 
The assumption behind this approach is that monthly patterns of births observed in 2008 
continued in 2009, but that the number of births declined somewhat between 2008 and 2009, as 
observed in the national data.  
 Next, we estimated the number of births that occurred April 1, 2009 to March 31, 2010 
(our cohort year 2009) in each county by race/ethnicity and sex.  Here, we generally assumed 
that births in each county decreased more between 2008 and 2009 than they did between 2007 
and 2008, following national patterns.   We calculated the percent change in the number of births 
between 2007 and 2008 for each county by race/ethnicity and sex, and we applied this rate of 
increase to the 2008 birth estimates to generate a preliminary estimate of births for 2009.  For 
counties (and race/ethnic groups) where this rate of change was greater than 1.0 (100%-- 
instances of small minority populations) we held the rate to 100%.  We then adjusted these 
preliminary estimates downward, because national level data indicated a faster rate of decline 
between 2008 and 2009 than between 2007 and 2008 (Sutton et al. 2011).  Specific adjustments 
were made by race/ethnicity following observed national level differences.  Asians were not 
further adjusted.  Blacks were adjusted downward by 1.5%.  Hispanics were adjusted downward 
by 4.4%. AIAN were adjusted downward by 0.2%.  Whites were adjusted downward by 1.62%.  
We found the sum of these county level estimates to closely reflect reported national births by 
race/ethnicity.  
 To identify any unrealistic estimates, we conducted several tests.  We compared our 
estimates against observed births in prior decades and with US Census Population Estimates 
program birth estimates, and we reviewed crude birth rates by race/ethnicity.  Our team checked 
estimates of concern against state published data (where available) and made substitutions where 
necessary.  This process revealed 50 counties where Hispanic births were adjusted, 22 counties 
where Asian births were adjusted, 43 counties where Black births were adjusted, 34 counties 
where AIAN births were adjusted, and 160 counties where White births were adjusted.  Adjusted 
counties are listed in Appendix 5.  
Deaths 
The steps to create death count estimates are similar to that of births.  Death records were 
obtained from NCHS’s Multiple Cause of Death Files 2000-2008 through a restricted data use 
agreement. These records contain data on race, Hispanic origin, sex, month of death as well as 
age and county of residency at death. As with the birth records, a few death records had 
unknown Hispanic origin.  We dealt with these records with the following steps.  Persons 
reported as Black, AIAN, or Asian are assumed to be non-Hispanic and were assigned to 
respective race category.  For White persons of unknown Hispanic origin, we assumed that 
deaths of unknown Hispanic origin were non-Hispanic or Hispanic in the same proportion as 
deaths of known Hispanic origin. 
 
Age at death was also important for constructing net migration estimates, and some of the 
death records were missing data on age.  Deaths at unknown ages were imputed according to the 
share at which deaths at known ages occur by age, sex, race/ethnicity, and county.   There were 






We then estimated deaths for the first quarter of 2009 (to complete our cohort year deaths 
2008) and for our cohort year 2009 (April 1, 2009 to March 31, 2010).  In 2008, the ratio of 
deaths that occurred January to March to those that occurred April to December was 0.3698.  We 
used this ratio to add an estimate of the number of deaths in the first quarter of 2009 to our 
cohort year 2008 deaths by multiplying observed deaths in April to December 2008 by 1.3698. 
The assumption behind this approach is that monthly patterns of deaths (by age, sex, 
race/ethnicity and county) observed in 2008 continued in 2009.  Finally, we estimated deaths in 
2009 by simply assuming that they were equal to the number of deaths observed in 2008 by age, 
sex, race/ethnicity and county.  
 
Quality Control 
 In order to test the quality of the net migration estimates, our team shared preliminary 
estimates with knowledgable state demographers, researchers, and with county extension 
educators.  We asked these experts to critically review the estimates (in comparison to estimates 
for prior decades) for counties and states for which they are familiar, and to report on any suspect 
patterns.  We did not receive any indication of problems.  In addition, we compared our 
aggregate net migration estimates (age, sex, race, and ethnicity summed together) to annual 
estimates of migration published by the IRS (inflows minus outflows= net migration) summed 
together to generate a comparable decade interval.  We found that our estimates differed, on 
average, from the IRS-based estimates by about 3.7% (mean absolute percent error, or MAPE).  
Where our estimates differed more significantly, were counties with universities where IRS 
estimates are known to miss college students who are claimed by their parents on tax forms.  In 
sum, these controls offer confidence to the accuracy of the data described here. 
 
Website 
 These data are publically available for download and for interactive analysis on the web 
at www.netmigration.wisc.edu.  This site integrates the 2000-2010 estimates with age-specific 
net migration estimates for prior decades, 1950-2000.  It allows for custom map and chart 
building making for easy on-the-fly data analysis.  In addition, users may create custom data 
downloads of net migration data 1950-2010 and associated census data 1990, 2000, and 2010, 
and they may download these data for different types of counties (metro vs. nonmetro or 
following USDA Economic Research Service county typologies).  
 
Using the 2000-2010 Net Migration Estimates for Cohort Component Projections 
 
 For those who would use these estimates in the process of creating cohort component 
projections, it is important to note how these estimates gleaned from a vital statistics (VS) 
approach are substantively different than net migration estimates that employ survival rates, such 
as those produced in the 1950s through the 1980s. Our methods are equivalent to those used by 
Voss et al. (2004) in the 1990s and a more full description of these differences can be found at 
the documentation for those data (see Voss et al. 2004).   
 
In a typical projection model using net migration rates, an expected population is first 
derived for the end point in a projection cycle, then net migration is calculated for the interval by 





estimated amount of net migration is then added to the expected population (by age, sex and 
race) and this population then constitutes the beginning population for the next cycle of the 
projection model. This procedure, unfortunately, does not hold precisely when the VS 
methodology has been used to estimate net migration, for the numerator includes deaths to in-
Migrants, and the denominator, or expected population, has already been decremented by the 
number of deaths to in-Migrants. In a projection model, it would be useful to estimate the 
number of deaths to in-Migrants in base cycle and adjust the net migration rate.  For details on 
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Appendix 1. Variable Naming Conventions 
 
The first letter indicates what type of data the variable holds: 
 
“b” –  births 
“p” –  starting population (adjusted), observed at Census 2000 
“e” –  2010 population absent migration, or in other words the expected population in 2010 
“f” –  final population (adjusted), observed at Census 2010 
“m” –  net Migrants (NM= expected population 2010 – final population 2010) 
“r” –  net migration rate (NMR= net Migrants/expected population in 2010). If expected 
population is zero, then NMR is missing. 
 
The second character is a number, representing the decade for which the data refer.  In this file, 
all the variables refer to the time period 2000-2010 and are represented by “0”.  The 
purpose of including this character is to ease comparison to data files with net migration 
estimates in prior decades. 
 
The following set of letters refers to the population sub-group by race, ethnicity, and sex. The 
third character indicates race. 
 
“b” –  non-Hispanic Blacks 
“w” –  non-Hispanic Whites 
“o” –  non-Hispanics of some other race (Asian, American Indian, Native Hawaiian, etc.) 
“t” –  total of all races combined 
 
The fourth character refers to Hispanic origin.  
 
“h” –  Hispanic 
“n” –  not Hispanic 
“t” –  total of Hispanic and not 
 
The fifth character indicates sex: 
“m” –  male 
“f” –  female 
“t” –  total of both sexes 
 
The sixth and seventh characters indicate the cohort’s five year age group: 
“0” –  ages 0-4 
“5” –  ages 5-9 
“10” –  ages 10-14 
… 
“80” –  ages 80-84 
“85” –  ages 85 and over 
 
For the final population in 2010, expected population in 2010, net migration estimates and net 





characters describe the age group these people would age into in 2010. For instance, those born 
2000-2004 are labeled as b0xxx5 because in 2010 they would be age 5-9, whereas those born 
2005-2009 are labeled as b0xxx0. For the 2000 population the age slot describes that cohort’s 






Appendix 2. Adjustments to Census 2000 and Census 2010 
 
Census 2000 Adjustments based on ACE Revision II and Demographic Analysis (under age 10).  
Positive values indicate a net undercount was estimated and our team increased census 
enumerated populations.  Negative values indicate a net overcount was estimated and our team 
decreased census enumerated populations.  All values are in percent.  Black values were applied 
to Black and Hispanic populations.  Nonblack values were applied to non-Hispanic White, 
AIAN, and Asian populations. 
 
Percent Adjustment to Census 2000 
Age Black Male Black Female Nonblack male Nonblack female 
0 to 4  5.3 5.4 3.3  3.8
5 to 9  1.4 1.9 1.1  1.5
10 to 17  ‐0.59 ‐0.55 ‐1.46  ‐1.44
18 to 29  0.04 0 0.17  ‐1.54
30 to 49  0.11 ‐0.40 ‐0.48  ‐0.63








Census 2010 Adjustments based on Demographic Analysis (DA) and Census Coverage 
Measurement survey (CCM).  Positive values indicate a net undercount was estimated and our 
team increased census enumerated populations.  Negative values indicate a net overcount was 
estimated and our team decreased census enumerated populations.  All values are in percent.   
 
Percent Adjustment to Census 2010 
Age NH White Black Hispanic AIAN Asian NHPI 
 M F M F M F M F M F M F 
0‐4  2.6  2.6  4.4  4.1  7.5  7.5  6.6  6.2  0.0  0.0  0.0  0.0 
5‐9  0.8  0.7  0.9  0.7  2.2  2.2  1.4  1.1  0.0  0.0  0.0  0.0 
10‐14  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
15‐19  ‐2.0  ‐1.5  ‐1.1  ‐1.0  0.0  0.0  ‐2.0  ‐1.5  0.0  0.0  0.0  0.0 
20‐24  0.0  0.0  4.1  0.0  2.7  0.0  4.1  2.0  0.0  0.0  0.0  0.0 
25‐29  0.0  0.0  9.0  0.0  6.0  2.2  9.0  4.5  0.0  0.0  0.0  0.0 
30‐34  1.5  ‐1.2  6.6  ‐1.1  4.4  1.6  6.6  3.3  0.0  0.0  0.0  0.0 
35‐39  1.1  ‐1.6  6.8  ‐1.3  4.5  1.7  6.8  3.4  0.0  0.0  0.0  0.0 
40‐44  0.0  ‐1.5  5.9  ‐1.1  4.0  1.5  5.9  3.0  0.0  0.0  0.0  0.0 
45‐49  0.0  ‐1.5  6.5  ‐0.6  4.3  1.6  6.5  3.3  0.0  0.0  0.0  0.0 
50‐54  0.0  ‐2.2  4.8  ‐0.9  3.2  1.2  4.8  2.4  0.0  0.0  0.0  0.0 
55‐59  0.0  ‐2.5  2.8  ‐1.0  1.9  0.7  2.8  1.4  0.0  0.0  0.0  0.0 
60‐64  0.0  ‐3.3  0.0  ‐1.2  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
65‐69  0.0  ‐2.7  1.8  ‐1.3  0.0  0.0  1.8  0.9  0.0  0.0  0.0  0.0 
70‐74  0.0  ‐1.3  2.8  ‐0.9  0.0  0.0  2.8  1.4  0.0  0.0  0.0  0.0 
75‐79  0.0  ‐1.5  ‐1.6  ‐1.1  0.0  0.0  ‐1.6  ‐0.8  0.0  0.0  0.0  0.0 
80‐84  0.0  ‐1.6  ‐1.6  ‐1.1  0.0  0.0  ‐1.6  ‐0.8  0.0  0.0  0.0  0.0 







Appendix 3. Broomfield County, Colorado 
 
Broomfield County, Colorado was created from parts of Adams, Boulder, Jefferson, and Weld 
Counties in 2001.  The US Census Population Estimates base for 4/1/2000 includes Broomfield 
County and adjusts the population of Adams, Boulder, Jefferson, and Weld counties accordingly, 
even though Broomfield was not created until 2001.  So, we have a consistent starting (Census 
2000) and final (Census 2010) population for these counties, using the Population Estimates 
base.  Birth and death data, however, from the National Center for Health Statistics do not 
delineate the current county geographies until 2003.  This means that we must estimate the 
number of births and deaths in each of these respective counties for 2000, 2001, and 2002. 
To create death estimates, we began by calculating the percent of the population of each of the 
original counties that was moved into Broomfield County by age, sex, race, and Hispanic origin.  
We did this using the Intercensal Population Estimates file and calculating the percent difference 
between the census enumerated population (which does not reflect Broomfield County’s 
creation) and the population estimates base (which is adjusted to distribute the population of 
Adams, Boulder, Jefferson, and Weld Counties to the newly created Broomfield appropriately).  
We then multiplied these proportions times the observed deaths in the original counties in 2000, 
2001, and 2002 to estimate the number of deaths that needed to be subtracted from each of these 
counties and given to Broomfield County.  
Birth estimates were created in a similar fashion excect that instead of relying on the proportion 
of the population that needed to be moved for each age group, we focused only on the female 
population in prime childbearing ages (age 15-44).  We multiplied the proportion of the female 
childbearing population who were moved out of each of the original counties times the observed 
births in those counties in 2000, 2001, and 2002 to determine the number of births to be removed 
from each of the original counties and added to Broomfield County.  
Please note that because of these added complexities and assumptions, net migration estimates 
for Broomfield, Adams, Boulder, Jefferson, and Weld counties (2000-2010) should be treated 






Appendix 4. County Boundary Changes and FIPS codes 
 
Between 2000 and 2010, some counties and census areas in Alaska and Virginia changed boundaries and/or naming conventions.  In 
order to create consistent boundaries and geographic reference for the Net Migration Estimates 2000-2010, we created the following 
county groupings and use the associated NME Fips codes and NME Name in the Net Migration Estimates data files. 
 




Fips NME Name 
Alaska Denali Borough 068 991 Denali Yukon-Koyukuk Southeast Fairbanks 
Alaska Yukon-Koyukuk Census Area 290 290 991 Denali Yukon-Koyukuk Southeast Fairbanks 
Alaska Southeast Fairbanks Census Area 240 240 991 Denali Yukon-Koyukuk Southeast Fairbanks 
Alaska Prince of Wales-Outer Ketchikan Census Area 201 - 992 Wrangell Petersburg Prince of Wales Ketchikan 
Alaska Wrangell-Petersburg Census Area 280 - 992 Wrangell Petersburg Prince of Wales Ketchikan 
Alaska Ketchikan Census Area 130 130 992 Wrangell Petersburg Prince of Wales Ketchikan 
Alaska Wrangell City and Borough 275 992 Wrangell Petersburg Prince of Wales Ketchikan 
Alaska Petersburg Census Area 195 992 Wrangell Petersburg Prince of Wales Ketchikan 
Alaska Prince of Wales-Hyder Census Area 198 992 Wrangell Petersburg Prince of Wales Ketchikan 
Alaska Skagway Municipality 230 993 Skagway Hoonah-Angoon Yakutat-Angoon 
Alaska Hoonah-Angoon Census Area 105 993 Skagway Hoonah-Angoon Yakutat-Angoon 
Alaska Yakutat-Angoon Census Area - - 993 Skagway Hoonah-Angoon Yakutat-Angoon 
Virginia Clifton Forge Independent City 560 - 005 Alleghany County 






Appendix 5. Adjustments to Birth Estimates, 2009 
 
The following tables list the counties where adjustments to birth estimates 2009 were necessary 
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